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vaccines i)0ssess a high anti^ivnic i)()teiH'y 
higher than thar ot virus varcinos tor the 45 
respective d isc^ases, tliul conic] l)e ol^tained 
hy any of* tlie heretofore known ]n'actieal 
nieaujy, and. on ndniinistration, elieit tlie 
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aniinals, ('for example, canine distempe]', 
to equine encei)halomyelitis and the like) 
coni])rise the ximr of sueh diseas^ef;, either 
tlie living virus, fully virulent or attenu- 
ated, or the inactivated virus, associated 
with a basic-])rotein-precii)itant as a so- 
0 called l)asic-j)joiein-j)re<'ipita7Jt-aninial- 
infectious-disease viru:^ coni])lex or 
aggregate having :i verv exceedinaly low- 
percentage of sensitizing proteins incap- 
able of eliciting antibodv response to the 
0 virus, that is, i>roteiiis froni tin* mediuin 
ni which the virus was proiiairated and 
M-ln'ch upon injection might produce un- 
desirable disagreeablf reactions. Tliese 
IPf't'cc 1/-] 



and alJantoir fiuuU accomnanving chick 
or other fowl embryo.^. The quantity «»f 
the basic-protein^i)recii>itnnt need be onlv 
sufficient eftectivelv to form, under the 75 
reaction conditions, the amount of com- 
])lex that could be pi'acticallv produced 
from the quantity of virus-'ontaining 
material enqdoyefl, Wbo-e neressarv, the 
bydrogpn ion concenrrnf ion of flitv rmrf ion SO 
mixture is adjusted to a T>oint to permit 
the effective precipitntion of the complex. 
The nreci])itated com])lex is siMMuated bv 
suitable means ■^uch as sedimentn tion pre- 
ferablv by centrifuc'ol forro f.dlowcd bv 85 
decantation. and. with nv withont ^nb-^e- 
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T\"e, The Tjjustees or the University 
OF Pkxxsvlv.vni.v, n CiM-porntion organized 
and existing- midt^r tho law^ of tlie Stale 
ot Pennsylvania, I'nited States of 
0 Amerira of 344(), AValnut Street, 
Pliiiadelpliia. Penusvlvania. Vuited States 
of- Aineru^^ do heivhy declare the nature 
ot tins invention and in wliat manner tlie 
same is to be performed, to he particn- 
larly described and aseertaised in aiid bv 
the tollowiu**' sfatenient: — 

This invention relates to virus vncrines 
that elicit in man and other animals the 
}irodnotion f»r nntib()die^^ capable of 
IS neiitralizino- tlu^ virus of infeftions 
diseases of lunn and other animals whieh 
vaccines pojitjun a eomplex broadly re- 
ferred to Oi, ba sic -protein-precip it an t- 
animnl-infef Tiou^-disease virus compley 
-'Jvand referred To in tlio n])pended claims as 
a prec'i])iin>f /virus eimijdex, and also 
relates to tlir roinpb.x and the preparation 
of it and of th.' vncrines. 



foini.l i]\A{ advantao'eous virus 
•fiVftir.. in tlH' prophylaxis of 
\-\v\\- (ii^iMscsof man, (for ex- 



T hav( 
vaccines 
infections 

J"ini])le, inflMrijx.. yrlloiv fever, rabies, St 
Louis enr(.p];:,i.}u \{]^'^^ and: other 

aniinals, (f..i . \;Mnfib.. canine distemper, 
*iU equine cnrri.i,. i..,,, v,. litis and the Iilce> 
eom]>risp tin- vim ,,f ^lu-h diseases, either 
the ]ivi]i£> virile rti}<'v virulent or nttenn- 
ated, or tli.- i i;. ri ■ vat ..,] virus, assorinted 
TTith n b.'isi,-.|„ot..i, .pj.^^pipifji^j^ j,^^ 

called b;,;.ir- jM. .!,.;„. precipitant-animnl- 
nifectious-djo...,-.. viiu^ complex or 
ao-oTeo-atc hayihL :\ v»m v exceedinqiv low 
percentage of -t-u-it izi»in- proteins incap- 
f^hh* of elicitiuii antiiiodv ieR]mnse to the 
aO virus, that is. i.iotrirs fnmi the medium 
in which \'\v\\< \\:\^ propaira ted and 
which upon inj«-cfioi> uji^ht produce un- 
desirable disMorccnl)lr ri'actions. Tliese 



[PHcc 1/.] 



vaccines possess a hio'h anti^-enic potencv 
hig-her than that ot virus vaccines for the 45 
respective diseases, that could be (dnained 
by any of the heretofore known practical 
means, and, on administration, elicit the 
production of antibodies capable of 
neutralizino' the virus. 50 

Likewise, the complex or apr^ire^i-ate may 
contain the fully active virus, or the 
attenuated or the inactivated virus. 

The vaccines, as well as the comjdex or 
an-g-reo'ate alone, may contain separately 55 
any of the ty])es or strains, or any desired 
romhinntion of such types or strains of a 
specific infectious disease virus, such as 
the influenza vaccine.s of ty])e A or type 

^^^y desired combination thereof. 60 
The method of pre])ariufr the com])lex 
oi- a£>'n.reo.ate as well as the vaccines of the 
invention comprises the essential step of 
addino' a suitable or the desired basic 
protein-preci])itant, in convenient form 65 
(e.ff. solution, suspension, paste or powder) 
to a suitable starting' material, preferably 
in liquid form, rontainino- the desired 
virus in active, attenuated or inactivated 
state for example, the se])nrate or com- 70 
bined influenza virus infeeted amniotic 
and allantoic fluids accompanvino- chick 
or other fowl embryos. The quantitv of 
the basjc-protein-Drecipitant need be onlv 
suflfieient efPectivelv to form under the 75 
reaction cimditions. the amount of com- 
plex that could be practicallv ]^roduced 
from the quantity of viru<--ontainino. 
material eni]doyed. "^riiere necessary, the 
hydroo-en ion concentr;ition of the reaction SO 
mixture is adjusted to a imiiit to permit 
the eflfective pre-ipitafion of the complex. 
I he precipitated rom])lex is separated bv 
suitable means such as sedin^entation pre- 
ferably by centrifuo-a] force followed bv 85 
decantntinn, and, with or without <ulwe- 
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(■(Mii]»Iex may br ])reserve<l by suitnhlo 
menus, ior exiunple, by v.iruuiii flesicrn- 
Tii)n irom the trozeu state. 
5 The vaccines iimy be put ti]> directly 
from the e()mpl<:"x at any of the described 
^ta^re^ offer its formation, or, depending- 
iiu'^tlie stiU'tiug- virus-infected material, 
may invoKe suitable washing- j>referably 
10 ^vitii a stdiition thai does not dissolve the 
.•om]dex. for example, a one per cent, 
aqneons sohition of protamine or other 
basio-protein-])recipitant after Tvhioli tlie 
complex is advantageously re-sns]iended in 
15 a solution suitable for injection snoli as a 
l>iiliVred salt .solution. Snch ro-suspension 
may be to any desired conoentrntion and 
ndvantaireousiv to any higher concentra- 
tion than thnt'of the virus in the original 
20 material in which it was propagated even 
n]> to ten times, or more, that concentra- 
tion. If desired, there may be added to 
the vaccine any other desired agents such 
as a suitable' preservative, for example, 
26 phenvl mercuric nitrate. 

Ainong: the suitable ba.sic-i)rotein-pre- 
cipitants are included e.-^peciallv the basic 
]H*oteins ])nrticularly those relatively sim- 
l>le, basic proteins obtainable from the 
SO >perin of fish, such as the protamines, as 
sj>erniine, sahnine, clupeiue. scombrine. 
cvcloi>terine, .sturine. salmiridine and the 
like; and al.so the histones exemplified by 
thymus histone and tlie like, and also the 
35 ^*-iobins. for example, globin, the animal 
protein existing in hemog-lobin. Also in- 
cluded are the basic degradation products 
of the protamines, stich as result from 
hydrolysis progressively, as the protones, 
40 the polypeptides and the basic jiraino 
acids, exemplified by argrinine, histidine, 
lysine and citrulline. The histone esters 
or hydrolysates, i'ov exam])le. the hydro- 
lysates of histone obtained by boilinig 
45 thymus histone in Icnown manner with 
.-ui]diuric acid and separa tiller the hydro- 
lysate by addition of alcohol, or the esters 
of histone (d>tained by introducing hydro- 
gen chloride into a suspension of histone 
50 iu ntethamd and adding ether to pre- 
ci]iitnte the hydrochloride of the ester are 
also included. Along with the poly- 
1)e])tides may considered the decar- 
* l)oxylated derivatives thereof r{*ferred to 
65 rt.- dccarboxv-]->olvpc])tidt'S, so that both 
}jolypepti(1es and decnrboxy-7)olyi)e])tides 
may be broadly t (Mined polyj)ci)tide .sub- 
.stances. Thus, the expression basic- 
protein-]>recipitnut is used generically 
60 herein and in the clain\s to embrace 
broadly the precipitating agents, whether 
natural <ir synthetic, capable of precipitat- 
ing the viru.^ to form the desired complex 
or agtiTcgate therewith, and it includes. 
Go only by way of cvample, the basic proteins 



and basic degradalii^Ji jncdurts oi protcui^. ■ 
f-iveu hereinabove as illustrative types. 

The v;u-cines of ihe invention cover 
lu-oadly those reh^ted gcoerally to viruses 
that cause infectious disease m man anrt 
other animals, exemplified by, but not 
restricted to, the viruses of equine en- 
cephalomyelitis, yellow lever, rabies, St. 
Louis encephalitis, canine distemper, m- ^ 
fluenza and of otlier common virus diseases ' 
of man and other animal?. The infected, 
starting- materials containing- the desired 
viius inav be of any of the known forms 
in which >lie virus n>ay be propagated, for 
t-xample, mouse brain emulsions as lU 
rabies and influenza, liorse brain emulsions 
as in equme ence])halomyelitis, tissue 
cultures as in rabies and vellow fever, 
fowl embryo emulsions as in equine en- 
cephalomyelitis and fowl egg extra-ein- 
bryonic fluids (e.g. allantoic and aniniotic 
fluids) as in equine encephalomyelitis and 
influenza, some of which starting 
materials, if desired, nmy be subiected to 
any of the iwial preliminary treatments to 
eliminate sf^i^"^^ undesirable components, 
as, for example, dialysis in the case of 
fowl egrr extra-embryonic fluids to remove 
dialyzable substances and uric acid, or 
treatment to attenuate or inactivate the 
virus. In the latter case, inactivation may 
be accomplished by any convenient 
method, for exam]de, ]diysical such as 
heat, xiltva-violet light and the like, or 
chemical such as with fornialin. 

The invention may be illustrated by, 
but not restricted to, the following 
exam])leR. 

ExA^n?LK 1 . 
In s])ite of their low total protein con- 
tent, the fluids of the allantoic sac 
(allantois^ and Ihe amniotic sac (amnion .' 
accompanying chick embryos infected 
influenza Virus, for example, of type A, 
contain large amounts of. both the active 
intiuenza virus and the complement fixa- 
tion antigen. Although these fluids, 
singly or combined, have a relatively 
small amount of (^ellulnr debris and while 
dialysis will eliminate therefnmi the uric 
acid along' with readily dialyzable f«ub- 
stances, non-dialysable substances other 
than virus, for exam]de egg proteins-, re- 
main in ihe fluids in rebitively large 
amounts. To 100 cc. of untreated allan- 
toic and amniotic fluids containing the in- 
fluenza virus, is added about 20 cc. of an 
aqueous solution containing 10 m<>'. per cc. 
of sperniine. As the pTT is in the neigh- 
bourhood of .^.3 a precipitate a])pcars 
immediately, whiOh precipitate is the 
s]>crminc-influenza virus (^{unplex or 
aggregate. The ]U'ecipitat(^ is separated 
liy sedimentation preferably assisted by 
ccMitrifuging the mixture, feu* exam]de, in 
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fho nu<'lo ceiitrifuiiv ;if :>()IIO liVM. Thf 
suptM Uahuit ]i(i\n<l is ilnnvn oiV. Tlie pre- 
(*i|)il;ite ((M^iiiplex) is a yellow io cream y. 
iihrons, string-y mass, rbaracterized by 
5 solubility in T;\'atev or salt solution. T^pon 
resus])en{linn* the com}]] ex or a^i'^^reg-ute in 
a haifi'ered ])Iiysiol(^'rical saline solution to 
a volume of 100 oo., there is obtained a 
solution eiV'ertive ns a vaeeine, Avhirli con- 

10 tain.s only about 0,4% of the nitro^ren eon- 
tninerl by tlie original infeoterl egf> fluid 
used as the starting* materinl. 

Fsed as a yaorine on mire, this solution 
of the spermine-influenza virus conii)lex 

15 showed a proterfion equal to that ex- 
hibited by the \vhole extra -embryonic 
fluid (untreated infected allantoic and 
amniotic fluids) desi)ite the fact that only 
a relatively small portion of the total eprff 

20 fluid protein was present. 

Example 2. 
Twenty cc. of a 1 % aqueous solution of 
])rotamine is added to 100 cc. of clear 
extra -embryonic fluid (llantoic and 

25 amniotic fluids) ooutainiiig: influenza virus 
of type B. The pH beinj? about 8.3, a 
])recipitate appears immediately as evid- 
enced by the turbidity shoxrin^r up in the 
mixture. The precipitate is then sedi- 

30 luented by centrifugation and tJie super- 
natant liquid is decanted, leaving- the pre- 
cipitate wiiich is the protamine-influenza 
'virus comjilex or Ag:^'i'o<xnte, having the 
rnme ])hysica] appenra nee as the afrgregate 

35 of example I. Fpon re-sus])ending-'^the 
])recipitated complex in buftered salt solu- 
tion to the orig-inal volume of 100 cc, the 
l)re]>aratiou shows a])])roximately the same 
virus infectivity as the nriprinal infected 

40 fluid starting: material. This buffered salt 
solution containinp* the com])lex is effec- 
tive, nfter suitable attenuntion or inoctiva- 
tion, as a vaccine. 

ExAirpxE 8. 

45 Clear extra-embryonic fluid contninin*^* 
the virus of type A, as in example 1, \ras 
first attenuated by the addition of one 
part of formalin per thousand and then 
treated with the protamine as in example 
. 50 1. The pH was about S.U and the 
ao*o»reg'ate ])reeipitated had the physical 
nppenrance of and was wcu'ked up in the 
same manner as that of examjile 1, the 
final product showing* the same activity 
55 that of example 1. 

EX-4MPLK 4. 

Olear extra -embryonic fluid containing' 
the virus of tyne A. as in exam]>le 1, was 
{\yi<t attenuated by exposure to ultraviolet 

60 li^ilit for between seven to ten minutes and 
tlien treated with protamine as in examj)le 
]. The pH was about 8.0 and the 
an*<?re<rate precipitated had the physical 
appearance of and was worl<ed u]) in the 

05 same manner a.s <hat of <»xami>hi 1, the 



final product slio\vin<i- t in^ ^au1e activity 
as that of example 1. 

The agureg-ate and tlie va<-cine in each 
of the ab<>ve exani[>le.s possess complement 
fixation antigen. 70 

"While in the above examples the pH 
of the reaction mixture \vas about 8.3. in 
such cases where the pH is outS'ule of the 
rang:e of horn about 7.0 to about 9.0. the 
pH should be adjusted to within that 76 
range in the case of jn'ecipitation with a 
protamine. 

While the inactivation in example 3 
was effected by using one part of formalin 
in one thousand parts of virus-containing 80 
starting* material, the inactivation may be 
similarly carried out by usiufy one part of 
formalin in from about Ave hundred to 
about ten thousand paii:s of virus-contain- 
ing- starting* material. While the in- 85 
activation was carried out on the starting 
material as shown in examples *3 and 4, 
an a virulent comi)lex or vaccine may also 
be obtained by using- the active virus 
starting" material as in exami>les 1 and 2 00 
and carrying' out the inactivation of the 
virus after the complex of exami)les 1 and 
2 has been precipitated, by using any 
desired inactivating- treatment, such as 
with ultra-violet lig-t, or nith a chemii*al 95 
such a.s formalin,- 

EX.4MPLE 5. 
In spite of their low total ])rotein con- 
tent, the fluids of the allaiitoic sac 
(allantois) and the amniotic sac (amnion) 100 
accomj)anying chick embryos infected with 
equine encephalomyelitis virus contain 
large amounts of the active virus. Al- 
thougrh these fluids, singly or combined, 
have a relatively small amount of cellular 105 
debris and while dialysis will eliminate 
therefrom the lu-ic acid alonpr with readily 
dialyzable substances, non-dialyzable sub"- 
stnnces other than virus, for example, eg-g* 
proteins, remain in the fluids in relatively 110 
largpe amounts. To lOO cc. of untreated 
allantoic and amniotic fluids containing 
the animal -infectious-disease, is added 
about 20 cc. of an aqueous soluticui con- 
taining- ,].0 mg*. per cc. of spermine. As 116 
fhe pH is in the iieighbourhood of cS.O a 
precipitate appears immediately, whidi 
preci])itate i^i the spermine-eqiiine' on- 
cephalomyelitis virus comjdex or 
agr(Treo-ate. The precii)itate i.^ se])arated 120 
by sedimentation nreferably assi.sted by 
centrifunring* the mixture, ft>r example, in 
tlie ang-le centrifnge at 5000 liPM. The 
supernatant liquid is drawn of^. The pre- 
cipitate (complex) is a yellow to creamv, 125 
filn-ouR, stringy mass, chaiacterized by 
low solubility in water or salt solution.^. 
F])on re-suspending* the complex or 
agrgregrate in a bufVVred ])hysiological 
.«;aline solution to a volunio of 100 cc, 130 
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tlirJe is ()1>hi iiH»<l ii sol'ilinii cIl'tM-l i vc, ufici 
suitable ntienitaf ion or innctivntion, :\< a 

vaccine. 

These examples are merely ilhisfrafive 
5 ot the proress of the invention -as well 
of tile l>;»si('-])rotei!i-',:refii>itani-auinin]- 
infpctioiis-disense -rinis conifklex or 
ao-o^'en-nte aiul of the vac^dnes of the in- 
ventiou, of ^^ilich the protnniine-animal- 
10 infections-disease vims oom])lex raccines 
nre especially useful, snch ns the basic- 
proteiu-preoipitant-inflnenza virus com- 
plex a5^ the i>rofnnune-influenza vims com- 
]>lex vaccines. 
16 While the above examples show the 
treatment of the infected extra -embryonic 
fiuicls directly with the basic-i)rotein-pre- 
cipitant without any dialysis, it is also 
possible to carry out the same process and 
20 to obtain the same complex and vaccines 
nfter the extra-embryonic fluid is first 
dialyzed to eliminate, for example, the 
Uric acid. In either case, the ap:p"reg'ate 
may be rid of any occluded dialyisable sub- 
25 stances by dialysis after suspendinf? the 
se]jarated ag-gre^^'ate in a minininm amount 
of suitable liquid. 

TVTiile the startiu"' material in the 
s]:>ecific examples contained the active 
30 Wrtis, starting: material containing' either 
the_ attenuated or inactivated form of the 
desired viriis may be employed yielding 
with the latter an avirulent vaccine which 
ran also be obtained if the product result- 
35 ing" from the use of an active virus, after 
the precipitation of the complex or 
ag-gregate, isi inactivated at any subse- 
quent step in the procedure by any con- 
venient method as hereinabove noted. 
40 Rince the jirecipita ted com]) lex obtained 
in the process if? readily re-sxisp ended, 
whenever desired, the comidex may be 
u^ashed one or more times with a liquid 
in which it doe.^ not dissolve, sxich as an 
45 aqueous 1'% protamine solution or similar 
solution of any other basiic-protein -pre- 
cipitant. 

While the invention has been illustrated 
by certain specific embodiments thereof, il 

60 is understood that certain substitutions or 
modifications can be made therein, f(u- in 
place of the specific type or strain of virus 
or the specific basic-])roteiii-]>recipitant 
Used in the examples, any other suitable 

55 tv]>e or strain of the virus or species or 
type of basic-protein-] n'ecipitavit or other 
infected starting- material m;iy be cm- 
ployed according' to tlu* invention which is 
intended to be limited to the available 

60 >t'oi)e of the a])pcnded claims. 

TTaving- now pai'ticuhwly flc-<crilierl nud 
ascertjiincd the natuiT of oui' :vaid inven- 
tion and in what manner the same i> to 
be performed, we dfMdare ilial wli:i( w(» 

65 claim is ; — 



'i . Thb nietJiod preparing- :i j)i'e- 

cipitant/yirus complex which int^iudos the 
step of mixing a basic-jjrotein-jnecipita nt . 
as hereinbefore defined with a starting 
material containing tlie desired virus in . 70 
active, attenuated or inactivated state to 
form the pie(ij)itant /virus com]>lex. 
, 2, A metliod as claim^Jd in Olaim I 
wherein the precipitant /virus com])lex is 
subsequently sej)aratcd from the reaction 75 
mixture. 

3. A method as- claimed in Claim 1 or 
Claim 2 wherein the basie-protein-2)re- 
cipitant is employed in the form of a solu- 
tion, suspension, paste or powdei\ 80 

4. A method as claimed in any one of 
the preceding claims wherein the virus- 
containing* material is employed in liquid 

'o. A method as claimed in anv one of 86 
the preceding claims wherein the hydro- 
gen in concentration of the reaction mix- 
ture is adjusted to a i)oint to permit of 
effectiv^e precipitation of the complex. 

6. A method as claimed in any one of GO 
the preceding claims wherein the ])re- 
cipitated complex is separated by sedi- 
mentation e.g. by centrifugal force fol- 
lowed by decantation. 

7. A method as claimed in any one of 95 
the preceding claims wherein the separ- 
ated complex is washed e.g. with a dilute 
aqueous solution of protamine or other 
ba sic-j-jrotein-precipita nt . 

.8. A method as claimed in any one of 100 
the preceding claims wherein the complex 
is subjected to desiccation under such con- 
ditions that the complex retains its capa- 
city of eliciting the production of anti- 
bodies capable of neutralising the viriis. 105 

9. A method as claimed in Claim S 
wherein the complex is subjected to 
vacuum desiccation from the frozen state. 

10. A method as claimed in any one of 
the preceding claims wherein the basic- HQ 
protein-precipitant consists of a jirot- 
amine, an histone or a globin or a basic 
degradation i)roduct of a protamine e.g. a 
protone, a polypej)tide or a basic amino 
acid. 

11. A method as claimed in any one of 
the preceding claims wherein tho'virus is 
that of influenza, yellow fever, rabies, 
equine encephalomyelitis. 

12. A method as claimed in Chum 10 120 
wherein the infiuenza virus (nnpl(^y(»(l con- 
sists of type A or of type B or of mixtures 
<^f type A and ryi^e 13. 

13. A method as claimed in any one of 
the preceding claims wheroin t]n> pre- 126 
cipitant/virus com])lex is formed by mix- 
ing the basic-protein-])recipitant with in- 
fected egg extra -embryonic fluids e.g. 
witli inl'(M»ted fowl cng exti a-ombrvonTc 
fluids. * 130 
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14. A luetliod vi preparino- a p^.^,, 
cipitaut./ virus complex substuiitiully as 
described lu any one of the specific exam- 
ples liereiubefore set Xovth. 

lo. A precipitant /viius cumplex wlien- 
ever prepared or prodiu^ed by tlie nietliod 
Claimed in any one ot the preeedin"- 
claims. 

16. A method of preparing- a %'irii^ 
vaccine wliicL comprises su.spendino- a 



complex as claimed in GJaini 15 in a 
liquid medium .suitable for injection. 

17. A virus vaccine whenever prei)ared 
or produced by the method claimed in 
Claim 16. 

Bated this 1st day of December, W4:2. 
BOITLT, WADE TE^-XAXT, 
111 & 112, Hatton Garden, 

London, E.C.I, 
Chartered Patent A<rents, 
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